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contribute to the understanding of the poor renal survival inUrine excretion of protein HC in proteinuric glomerular dis-
patients with glomerular diseases and nonselective proteinuria.eases correlates to urine IgG but not to albuminuria.
Background. Proteinuric glomerular diseases often are asso-
ciated with tubulointerstitial injury, which imposes on the pro-
gression of renal failure. Tubular damage is partly referable
The proximal tubule is the most vulnerable segmentto toxic effects on the tubular epithelial cells induced by filtered
of the nephron, representing the major portion of theplasma proteins. Patients with nonselective proteinuria, that
is, increased urine excretion of high-molecular-weight plasma renal cortical tissue and performing the largest fraction
proteins such as IgG in comparison to albumin, often have of renal work. Thus, this nephron segment demands suf-
poor renal outcome. The present observational study examined ficient oxygenation in order to produce enough meta-
correlations between the degree of tubular damage, measured
bolic energy necessary for solute transport. Proteins andby urine concentration of protein HC, and the levels of urine
peptides filtered into the primary urine are normallyIgG and albuminuria.
Methods. Measurements of urine concentrations of IgG, al- reabsorbed in the initial part of the proximal tubule by
bumin, and protein HC were performed in 56 proteinuric pa- a mechanism that involves binding to the brush-border
tients (33 males and 23 females) with nondiabetic glomerular membrane and endocytosis [1]. This process is mainlydiseases at the time of the diagnostic renal biopsy and at a mean
receptor-mediated, and a common binding site for albu-of 49 follow-up months.
min and low-molecular-weight (LMW) proteins in proxi-Results. A highly significant correlation between the urine
IgG excretion and the urine protein HC concentration was mal tubular cells was suggested [1–3]. Furthermore, a
found both at the start and at the end of the observational specific IgG receptor, which mediates IgG transcytosis,
time (r 0.74 and 0.65, respectively, P  0.001). Furthermore, has been localized to the proximal tubular brush-borderalterations in the urinary excretion of the two proteins in single
[4]. The tubules reabsorb 90 to 95% of all filtered albu-patients correlated significantly to each other (r  0.84, P 
min, and at least 99% of filtered LMW proteins [5].0.001). The correlation between the degree of albuminuria and
the protein HC excretion was significant at the time of kidney Regardless of the pathophysiology, any injury that dam-
biopsy, but ceased to exist during the follow-up time. Stepwise ages proximal epithelial cells causes insufficient endocy-
linear regression analysis showed that in comparison with the totic reabsorption of urinary proteins and, as a conse-creatinine clearance and albuminuria, only the changes in uri-
quence, increased urine concentration of LMW proteins.nary IgG excretion were related to the corresponding changes
High urine excretion of LMW proteins is thus describedin urinary protein HC excretion (r  0.84 and r 2  0.7, P 
0.001). as a tubular pattern of proteinuria.
Conclusion. The findings of the study suggest that the uri- Protein HC is one of the markers widely used for es-
nary protein HC concentration correlates to the degree of IgG- timation of tubular proteinuria. Protein HC, also nameduria but not to the degree of albuminuria during the course of
alpha 1-microglobulin (27 kD), is a human complex-proteinuric glomerular disease. Whether this correlation is to
forming glycoprotein that is heterogeneous in charge [6].be explained by an intrinsic toxic effect on tubular cells exe-
cuted by IgG or perhaps by some other high molecular weight The protein is stable in native urine and its normal urine
proteins, needs to be investigated further. However, the results concentration is sufficiently high to be determined with
rapid and cheap immunochemical techniques [7]. The
protein HC excretion rate decreases with the recovery
Key words: glomerulonephritis, tubular damage, non-selective protein-
of the damaged tubular cells [8, 9].uria, proximal tubule, low-molecular-weight proteins, human complex-
forming glycoprotein. Proteinuric glomerular diseases are often associated
with progressive tubulointerstitial injury, which influ-
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Table 2. Number of patients with different histological diagnosesTable 1. Laboratory data and characteristics of 56 patients with
primary glomerulonephritis, at the time of kidney biopsy and at and number of patients that received immunossupressive
treatment subdivided into three treatment modalitiesthe end of the follow-up time
Baseline Follow-up P Number A B C
data data value
Total number 56 14 8 2
IgA nephropathy 7 0 0 0Number 56 54
Sex male/female 33/23 32/22 Membranous glomerulonephritis 12 6 1 2
Minimal change nephropathy 7 3 3 0Age years 52 (18–83) 56 (22–86) 0.23
Serum creatinine lmol/L 91 (52–324) 94 (57–750) 0.11 Nephrosclerosis 6 0 0 0
Mesangial proliferativeCreatinine clearance mL/min 82 (16–179) 75 (3–169) 0.093
MAP mm Hg 106 (78–143) 99 (73–127) 0.036 glomerulonephritis 24 5 4 0
ACI mg/mmol 160 (23–1990) 67 (0.5–822) 0.001 The three treatment modalities are: A, only steroids; B, combination of ste-
IgGCI mg/mmol 7.4 (1–229) 3.6 (0.1–53) 0.003 roids and cyclosporine A; and C, combination of cyclophosphamide and steroids.
Protein HCCI mg/mmol 1.5 (0.3–26) 1.35 (0.1–43) 0.59
Abbreviations are: MAP, mean arterial blood pressure; ACI, urine albumin
creatinine index; IgGCI, urine IgG creatinine index; HCCI, urine protein HC
creatinine index. thy, membranous glomerulonephritis, minimal change
nephropathy or nephrosclerosis secondary to hyperten-
sion. Patients with advanced renal failure on admission
(serum creatinine 400 mol/L), diabetic nephropathy,wall might execute an intrinsic toxicity on the proximal
systemic diseases, or with albumin creatinine index (ACI)tubules and, thus, contribute to the progression of the
20 mg/mmol were excluded.renal damage. Several hypotheses have been advanced
Fifty-six patients (33 males and 23 females) agreed toto account for the role of the glomerular protein traffic
participate, and consents were obtained. The morpho-in causing tubulointerstitial inflammation [10, 11]. The
logical diagnoses in all cases were established by evalua-inflammation could be a consequence of increased load
tion using light microscopy and immunofluorescent stain-of urinary proteins and/or a result of toxic effects of
ing of representative percutaneous renal biopsy specimens.some particular filtered proteins, for example, comple-
The blood samples and the first voided urine specimensment proteins or transforming growth factor- (TGF-),
were obtained in the morning of the day the kidney
which appear in urine during the course of nonselective
biopsy was performed. All of the patients were followed
proteinuria [12, 13]. This type of proteinuria is associated regularly at nephrology outpatient clinics and were on
with tubular production of vasoactive and inflammatory normal protein diet. The number, age, gender, baseline,
mediators, such as endothelin-1, monocyte chemoattrac- and follow-up data of patients are presented in Table 1,
tant protein-1 (MCP-1), or regulated upon activation, and the histological diagnoses are presented in Table 2.
normal T cell expressed and secreted (RANTES), which The median follow-up time was 49 months (range 20 to
mediate inflammation and fibrosis of the interstitium of 75). Immunosuppressive therapy was administered to
the kidney [10]. We have previously reported that pro- 24 (43%) patients (Table 2) and angiotensin-converting
teinuric patients with a high urinary content of HMW enzyme (ACE) inhibitors were prescribed to 41 (73%)
proteins IgM and IgG have poor renal survival [14]. Our patients for a median of 37  6 months.
present study examined the correlation between the de- The patients were asked for their first voided morning
gree of tubular damage, reflected by urinary protein HC urine samples for quantification of urinary proteins once
concentration, and urinary excretion of HMW plasma pro- a year, during 1998 and 1999. During this observation
tein IgG, on the one hand, and of albumin, on the other time two patients were excluded, one because of a drop-
hand, in patients with primary glomerular diseases. out from the follow-up clinics and one due to the start
Urinary protein-to-creatinine ratio measured in a spot of dialysis treatment. The remaining 54 patients, except
urine sample was used as a reliable estimate of the degree one, delivered urine samples at least once. Causes of
of proteinuria [10, 15–18]. renal function impairment, other than the primary renal
disease, were excluded and the patients had normal se-
rum C-reactive protein level (CRP 5 mg/L) during the
METHODS time of the collection of urine samples.
The patients in this study were all participants in a Because it represent a reliable, simple procedure [10,
large investigation program of glomerular diseases being 15–18] and facilitates our patient’s co-operation, we pre-
conducted at the Nephrology Department, University Hos- fer to use the urine protein/creatinine ratio for quantita-
pital of Lund, Sweden. Seventy-two patients (45 males tion of urinary proteins. ACI (mg/mmol) designates the
and 27 females) investigated between July 1993 and Jan- ratio of urine albumin (mg/L) to urine creatinine (mmol/L),
uary 1998 were invited to participate in the study. The IgGCI (mg/mmol) the ratio of urine IgG (mg/L) to urine
inclusion criteria were biopsy-verified diagnosis of mes- creatinine (mmol/L), and HCCI (mg/mmol) the ratio of
urine protein HC (mg/L) to urine creatinine (mmol/L).angial proliferative glomerulonephritis, IgA nephropa-
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Table 3. Laboratory data and characteristics of 45 (30 males and
15 females) patients with non-nephrotic range albuminuria
(ACI 500 mg/mmol), at the time of kidney biopsy (Baseline)
and at the end of the follow-up time (Follow-up)
Baseline Follow-up P value
Serum creatinine lmol/L 85 (52–270) 92 (57–750) 0.1
Creatinine clearance mL/min 85 (21–179) 76 (3–169) 0.091
ACI mg/mmol 117 (23–449) 67 (0.5–495) 0.041
IgGCI mg/mmol 5 (1–42) 3.9 (0.1–53) 0.22
Protein HCCI mg/mmol 1 (0.3–13) 1.3 (0.1–43) 0.65
Abbreviations are: ACI, urine albumin creatinine index; IgGCI, urine IgG
creatinine index; HCCI, urine protein HC creatinine index.
Serum and urine creatinine was determined enzymati-
cally using a Kodak Ektachem 700 XR-C system (East-
man Kodak, Rochester, NY, USA). Serum and urine
albumin, IgG, and urine protein HC were determined
by immunoturbidimetry using a Cobas Mira S system
(Roche Inc., Montclair, NJ, USA) and monospecific rab-
bit antisera obtained from Dako (Copenhagen, Den-
Fig. 1. Correlation between urine protein HC, and urine IgG excretionmark) [7, 19, 20].
at the end of the follow-up time in 56 patients with primary glomerulone-To investigate whether protein HC-IgA complexes
phritis.
contributed to the measured urine protein HC immuno-
reactivity, quantitative crossed immunoelectrophoresis
[21] was performed for all urine samples with an increase
in protein HC immunoreactivity. This method previously RESULTS
has been demonstrated to allow separate quantitation The clinical and laboratory patient data at time of the
of free protein HC and protein HC-IgA complexes [22]. kidney biopsy (baseline) and at the end of the follow-
No protein HC-IgA complexes were seen in any of the up time are presented in Table 1. Serum creatinine (SCr)investigated urine samples, demonstrating that protein and CCr did not differ between the two events. MAP wasHC-IgA complexes contributed to less than 1% of the
significantly lower at the end of the follow-up time (P 
protein HC immunoreactivity of these samples.
0.036).Blood pressure was measured using a mercury sphyg-
The degree of albuminuria and IgG-uria decreased atmomanometer with the patients in a supine position.
the end of the follow-up. The urinary excretion of freeThe diastolic blood pressure was measured at Korotkoff
protein HC was not significantly altered during this timephase V. Mean blood pressure (MAP) was calculated
(Table 1). In a subgroup of patients with non-nephroticby adding one third of the pulse pressure to the diastolic
range albuminuria (Table 3), albuminuria was signifi-blood pressure. Creatinine clearance (CCr) was calculated
cantly reduced at the end of the follow-up, while IgG-uriausing the Cockcroft and Gault formula [23] where CCr 
and urinary protein HC concentration were not changed.[88  (145 – age)/serum creatinine] – 3 (15% lower for
The urine concentration of protein HC correlated sig-women). Proteinuria was regarded as nonselective when
nificantly to both the urine IgG (r  0.74, P  0.001)IgG selectivity index (IgG-SI) was higher than 0.2. IgG-
and the urine albumin excretion (r  0.64, P  0.001)SI was calculated according to the formula: urine IgG/
at baseline. At the end of the follow-up, the correlationserum IgG  serum albumin/urine albumin.
between IgG-uria and urine excretion of protein HC
Statistical methods remained highly significant (r  0.65, P  0.001; Fig. 1),
while it disappeared between albuminuria and urinaryThe data in the tables are expressed as medians fol-
protein HC excretion (r  0.09, P  NS; Fig. 2).lowed by ranges. Statistical comparison between the pa-
In a subgroup of patients with non-nephrotic rangetient groups was performed with nonparametric Mann-
albuminuria (ACI 500 mg/mmol), no correlation be-Whitney test. Correlation was tested using the Pearson
tween albuminuria and protein HC excretion (r  0.26,correlation coefficient. P 0.05 was selected as the level
P  NS) was found either at baseline, or at the end ofof significance. The statistical package for social science
the follow-up (Table 3). The correlation between IgG-(SPSS version 10) was used. For urinary concentrations
uria and protein HC excretion was highly significant bothbelow the detection limit we used 0.1 mg/mmol for both
HCCI and IgGCI. at the start and at the end of the follow-up time (r 
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Fig. 2. Correlation between urine protein HC and urine albumin excre-
tion at the end of the follow-up time in 56 patients with primary glomeru- Fig. 3. Correlation between the percentage changes in urine protein
lonephritis. HC and IgG excretion.
0.5 and 0.86, respectively, P 0.001) also in this subgroup and 17% of the patients had normal interstitium. Diffuse
of patients. interstitial fibrosis occurred in 20% of the biopsies in
Furthermore, changes between the baseline and the patients with selective proteinuria and 43% of the pa-
follow-up urinary excretion of protein HC in single pa- tients had normal interstitium in the light microscopy
tients associated much stronger (r 2  0.7) to changes in examination of their biopsies. The difference between
the urine IgG excretion (Fig. 3) than to changes in the the patients with selective and nonselective proteinuria,
degree of albuminuria (r 2  0.29). with regard to the appearance of interstitial fibrosis was
The urine excretion of protein HC correlated nega- statistically significant (P  0.05).
tively to CCr both at the start and the end of the study Stepwise linear regression analysis revealed that, among
(r0.44, and r0.6, respectively, P 0.001). Also, the studied determinants (CCr, albuminuria, and IgG-uria)
urinary IgG excretion correlated negatively to the CCr of protein HC excretion studied, only changes in the de-
at both these points (r 0.34, P 0.05 and r 0.44, gree of IgG-uria were related to the corresponding changes
P  0.01, respectively). However, albuminuria did not in the urine protein HC excretion (r  0.84, r 2  0.7).
correlate to CCr at start or at the end of the follow-up Treatment or no treatment with immunosuppressive
(r  0.06, and r  0.023, respectively, P  NS). drugs or ACE inhibitors does not influence the relation-
Patients with nonselective proteinuria had significantly ship between urinary IgG excretion and urinary concen-
higher urinary HC excretion at the study start [3.4 tration of protein HC. Thus, changes in urinary IgG
mg/mmol (0.3 to 26)] and at the end of the follow-up excretion—but not in albuminuria—predicted the uri-
[2.6 mg/mmol (0.1–43)], compared with patients with nary concentration of protein HC, both for patients
selective proteinuria where the urine concentration of treated with immunosuppression and ACE inhibitors
protein HC was 1 mg/mmol (0.3–13) and 0.75 mg/mmol (r  074 and 0.66, respectively, P  0.01). The same is
(0.25–6.4), respectively (P  0.05). The kidney function true for patients not treated with immunosuppression
decreased by more than 5 mL/min/year during the follow- and in those not treated with ACE inhibitors (r  0.85
up time in 50% of patients with nonselective proteinuria and 0.97, respectively, P  0.01).
compared to only in 28% of the patients with selective
proteinuria (P  0.09). A semiquantitative evaluation
DISCUSSIONof histological lesions showed significantly higher per-
The findings indicate that urinary excretion of freecentage of global glomerulosclerosis in patients with
protein HC correlates to the degree of IgG-uria, but notnonselective proteinuria. A median of 31% (0 to 91) of
to the degree of albuminuria, in the glomerular disordersthe glomeruli in the patients with nonselective protein-
studied. In glomerular diseases, HMW plasma proteinsuria was affected by global glomerulosclerosis compared
gain access to the primary urine. Hence, there is possibil-with a median of 0% (0 to 38) in patients with selective
ity for these filtered proteins to interact with mesangialproteinuria (P  0.01). Diffuse interstitial fibrosis was
seen in 46% of the patients with nonselective proteinuria and tubular cells, which promotes tubulointerstitial dam-
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age. Tubular injury is a recognized feature of glomerulo- proteins have been suggested to inflict upon the progres-
sion of the tubulointerstitial disease [13, 27–31]. Burtonnephritis. It is tempting to speculate that some HMW
et al found that exposure of tubular epithelial cells toproteins, which normally occur in tubular fluid in only
serum or to proteinuric urine had greater toxic effectvery small amounts, could in large quantities exert an ad-
than exposure of these cells to albumin alone [27, 29].verse effect on the tubular cells. A particular biologically
Wang, LaPage and Hirschberg found that urine albuminactive protein, not normally found in urine, but present
at a concentration range of nephrotic syndrome did notafter glomerular damage, could execute such effects [10].
cause tubular damage, while TGF- and hepatic growthThe strong association between urinary excretion of
factor (HGF) increased the secretion of MCP-1 in tubu-IgG and protein HC found in our study, as well as the
lar cells [13]. Furthermore, proteinuria and in conse-results of the stepwise linear regression analysis, suggest
quence, glomerulosclerosis and tubulointerstitial fibrosisthat high urinary IgG excretion might be involved in
developed in analbuminemic rats, which were geneticallythe pathophysiology of the tubular injury in glomerular
unable to produce albumin, to a similar degree to thatdiseases. In agreement with other authors [24], we have
in normo-albuminemic rats [30, 31]. That led Okuda etfound a significant correlation between nonselective pro-
al to conclude that the development of glomerulosclero-teinuria with high IgG urine excretion and the degree of
sis and tubulointerstitial changes in nephropathy weretubulointerstitial damage and thus, also protein HC ex-
not dependent on the degree of albuminuria [31].cretion. Our study also showed significant correlation
Impaired tubular function is often accompanied bybetween the urine protein HC concentration and the
decreased glomerular filtration rate. In our study, this wasdegree of IgG-uria, despite the fact that urinary IgG
indirectly confirmed by the negative correlation of CCr toexcretion decreased during the disease course. This cor-
both urine IgG and protein HC excretion. The kidneyrelation did not exist between non-nephrotic range albu-
function was not significantly decreased during the study,minuria and protein HC urinary excretion. Furthermore,
conceivably because of the initially high selectivity of pro-a strong correlation was found between changes in uri-
teinuria [IgG selectivity index  0.18 (0.03  1)], whichnary protein HC concentration and IgG excretion in sin-
usually is associated with good renal prognosis [14, 24].gle patients. It seems that the remission of IgG-uria dur-
Infection or drug treatment can cause primary tubularing the clinical course of proteinuric glomerular diseases
damage and marked increase in urinary protein HC ex-is associated with the improvement of the tubular func-
cretion. However, the patients studied had normal in-tion represented by decrease in urinary concentration of
flammatory parameters during the urine collections andprotein HC [8, 9]. The opposite is also true since per-
the treatment of the patients with immunosuppressionsisting IgG-uria is associated with persisting tubular func-
or ACE inhibitors did not affect the correlation betweentional deterioration and high protein HC concentration.
the excreted urinary IgG and urinary concentration ofIt is tempting to speculate that the correlation between
protein HC.albuminuria at nephrotic range and protein HC excre-
The present study indicates that IgG-uria, but not al-tion, found at baseline, could be caused by a competition
buminuria, is a predictor of protein HC excretion inat the tubular reabsorption sites between albumin and
glomerular diseases. Thus, we suggest that proteinuriaprotein HC rather than be an expression of the actual
consisting of a high fraction of HMW proteins, but nottubular damage. Thielemans et al found, in experimental
albuminuria per se, is the culprit of tubulointerstitial dam-nephrosis, that the nephrotic-range albuminuria induces
age in this group of renal diseases. This observation maymore than 100-fold increase in tubular proteinuria with-
also explain the poor renal survival of patients with glo-out causing tubular damage [25]. In our study, we have
merular lesions and nonselective glomerular proteinuria.shown that the correlation between albuminuria and pro-
tein HC excretion was absent in patients with urine albu-
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